Tendons are the connective tissue responsible for transferring force from muscles to bones. A key factor in tendon development, maturation, repair, and degradation is its biomechanical environment. Understanding tendon mechanobiology is essential for the development of injury prevention strategies, rehabilitation protocols and potentially novel treatments in tendon injury and degeneration. Despite the simple overall loading on tendon tissue, cells within the tissue in vivo experience a much more complex mechanical environment including tension, compression and shear forces. This creates a substantial challenge in the establishment of in vitro loading models of the tendon. This article reviews multiple loading models used for the study of tendon mechanobiology and summarizes the main findings. Although impressive progress has been achieved in the functionality and mimicry of in vitro loading models, an ideal platform is yet to be developed. Multidisciplinary approaches and collaborations will be the key to unveiling the tendon mechanobiology. ß
Tendons are the fibrous connective tissues between muscle and bone. To enable joint motion, tendons transfer force generated by muscle contraction to bone. 1 Due to the fact that tendons are a passive motion tissue, excessive and/or abnormal force transformation often causes tendon injury, resulting in pain, disability, and time off from work. Although it has been well established that tendon injuries are often related to mechanical loading, the mechanobiology of tendon remain poorly understood. While the mechano-response of tendon cells is essential for tendon homeostasis and repair, the underlying mechanism is not well understood. In this review, we will compare the different loading models used for tendon mechanobiology and summarize the main outcomes, respectively.
TENDON STRUCTURE
Tendons are hypocellular tissues containing tendon cells and matrix. Collagen is the predominant extracellular matrix (ECM) component in tendon tissue, accounting for 60-85% of total dry weight. In healthy tendon tissue, 95% of collagen is type I, with low levels of collagen types III, V, XI, XII, and XIV. Collagen molecules twist into a triple helix structure to form collagen fibrils, the basic unit of tendon tissue. 2, 3 Collagen fibrils are grouped into fibers, fascicles, and finally the whole tendon forms the complete hierarchical structure. While collagen molecules alone are not capable of providing the broad range of mechanical functionality required for physiological tendon function, 4 the unique hierarchical triple helix structure of collagen is why the tendon possesses such excellent uni-axial mechanical strength. The straightening of twisted triple-helical molecules is what provides elasticity and strength of the tendon at the nanoscale. 5 Furthermore, tendon fascicles bound together by interfascicular matrix (IFM) to form the tendon. In energy storing tendons such as superficial digital flexor tendon(SDFT), the IFM enable the sliding between fascicles which is essential for energy storing during tendon stretch and recoil. 6, 7 There are various non-collagenous proteins interspersed between the collagen fibers, which play an important role in tendon biomechanics. Decorin, biglycan, fibromodulin, and lumican are the most abundant small leucine rich proteoglycans within tendons. They have unique but overlapping functions in collagen fibril assembly and tendon integrity. 8, 9 Versican and aggrecan are the large aggregating proteoglycans present in the compressive regions of tendons. Their main role is to provide compression resistance by increasing water content in these regions. 10 The glycoproteins found in tendon include molecules such as lubricin, tenascin-C, elastin, tenomodulin, and collagen oligometic matrix component (COMP) 11, 12 Although the main function of these components remains largely unclear, recent studies suggest that both lubricin and elastin are located in the inter-fascicular matrix, assisting fascicle sliding, and recoil. 13, 14 
TENDON BIOMECHANICS
Tendons are subject to mechanical loading during daily activities, and the mechanical properties of tendons from different anatomical sites varies widely. 15 Due to the physiological function of the tendon, mechanical assessments are essential for tendon function evaluation. The most common mechanical tests for tendon include "pull" and "creep" testing ( Fig. 1) .
Pull testing-also known as "pull to failure" testingis used to test the general mechanical properties of tendon including: Ultimate tensile strength (UTS), stress, Young's modulus, and the stress-stain curve. The tendon is fixed at one end and pulled at constant speed from the other end until rupture. Force and displacement are recorded during the procedure (Fig. 1A) . The typical stress-strain curve of tendon comprises of four regions. 16 The first is the toe region, where the tendon is strained up to 2% and is representative of the stretching of the "crimp pattern" of tendon during rest. Depending on the type and location of the tendon, this wavy fibril pattern results in different initial toe regions. 17 Following the toe region, there is a linear region which ranges between 2% and 6% strain. Despite the fact that the physiological tensile range of tendon during daily activities lies within this region, molecular damage is still inevitable dependent on loading. 18 The slope of this region is the Young's modulus of the tendon, which represents tendon stiffness. When strain is greater than 6%, partial tearing of tendon fibers occurs and ultimately results in micro-tear failure of the tendon. When the strain further increases beyond 10%, macroscopic tearing of tendon fibers ensue, eventually leading to tendon rupture.
Creep testing, or "fatigue" testing, is normally used to test the recovery ability of a tendon subject to repetitive loading. The tendon is fixed at both ends with tissue clamps and is subject to cyclic stretching of constant force (Fig. 1B) . Displacement is recorded during the procedure. Similar to the "pull test," the tendon experiences the same four regions in creep testing. Tendon strain increases rapidly for the first several cycles of loading due to initial crimp morphology. In the linear region, tendon length is able to recover from cyclic loading with slight strain shift due to the accumulation of micro damage. This in turn leads to the partial rupture of tendon and eventually total rupture. Creep testing can be used to evaluate tendon performance subject to repetitive functional loads such as walking or running. 19 There has been a rapid increase in the available data about the mechanical properties of various anatomical tendons from different species. 15 What remains unclear in the study of tendon mechanobiology is how tendons maintain tissue integrity while subjected to repetitive loading. Fung et al. 20 showed that tendons ruptured in 15 min after undergoing cyclic loading at approximately 35% of the UTS. Considering the physiological loading range of the tendon is usually under 13% of its UTS, 21 the loading parameter was excessive. On the other hand, Parent et al., 22 showed that cyclic loading at under 5% UTS led to rupture within 15 h. Interestingly, the initial tensile strain of the tendon subject to 5% UTS was only around 1%. It must be noted that the study was performed using freshly harvested tendon cultured in sterilized PBS supplemented with protease inhibitors and thus the function of tendon cells was compromised. Despite the unique hierarchy structure enabling high strength and resistance to mechanical loading of tendon tissue, rupture is inevitable even when subject to low stress cyclic loading with compromised cellular function. Our previous studies proposed a hypothetical model on tendon biomechanics as shown in Figure 2 . As discussed above, increased mechanical strain will indeed result in more damage on tendon matrix, and micro-damage will occur even when subject to physiological loading. From the perspective of cellular response, repair mechanisms can also be triggered by loading, where the peak anabolic effect corresponds to the limit of physiological range. 23, 24 The overlap of these two curves highlights an anabolic zone demonstrating that when tendon is subject to physiological loading, the repair mechanism triggered by this loading can overcome the loading induced micro-damage. This hypothetical model provides an explanation to the phenomenon that rupture can occur rapidly in the creep test but not in the body even when subject to loading in physiological range.
TENDON CELLS
There are two main resident cell types in main tendon tissue: Tenocytes and tendon derived stem cells (TDSC). 25 Tenocytes are the predominant cells in the tendon, accounting for over 95% of the total cell number. They are fully differentiated cells and are responsible for the maintenance of tendon integrity, remodeling, and repair. TDSCs, also known as tendon progenitor cells (TPC), are a newly identified cell type. 26, 27 Similar to other stem cells present in adult tissue, TDSCs have multiple differentiation capacities, including chondro-, osteo-, and adipogenic differentiation. 26 TDSCs are considered to be the source of newly differentiated tenocytes during tendon repair. There are other cell types presented in the tendon other than the tenocytes and TDSCs including: Fibrochondrocytes at bone-tendon junction, synovial cells in tendon sheaths, and endothelial cell in vessel in tendon.
There are two types of markers that can be used to identify tendon cells, including transcriptional and non-transcriptional markers. Scleraxis (SCX) is a transcriptional factor that regulates tendon development in the embryonic stage, SCX À/À mutant mice showed loss of long tendons in the body from E13.5. 28 Furthermore, SCX can directly regulate expression of two tendon differentiation markers, COL1A1 and Tenomodulin. 29, 30 Mohawk (MKX) is another well recognized transcriptional factor, regulating tendon differentiation, and maturation in the postnatal stage. MKX À/À mutant mice appear to be normal during the embryonic stage, but developed severe phenotype with reduced collagen fibril size. 31 Tenomodulin (TNMD) is one of the few highly specific non-transcriptional markers for tendons and ligaments. 32 Although the TNMD À/À mutant mice do not display an obvious tendon phenotype, 33 TNMD is still an important marker for tendon cell fate due to its high specificity. Despite all the markers presented previously, the absolute tenocyte-specific marker remained controversial.
MECHANOSENSING OF TENDON CELLS
It is well known that the cellular response to mechanical loading is essential for the maintenance of tendon tissue integrity and homeostasis, however the underlying mechanism remains poorly defined. Tendon cells attached to collagen fibers sense changes in the mechanical environment. When tendons are subject to mechanical loading there are two major impacts on tendon cells, the deformation of cytoskeleton and alternation of cell-matrix interaction. Despite the various mechano-sensing pathways that exist, the mechanotransduction signal is eventually processed by the nucleus to trigger a biological cascade. 34 
Cytoskeleton Deformation
The cytoskeleton is a complex, dynamic network comprised of actin, intermediate filaments, and microtubules that interact with a myriad of molecular motors and cross-linking proteins. 35 Cellular mechanosensing is mediated by most of these proteins collectively. 36 Actin is the primary protein that provides structural stability to the cytoskeleton. Actin filaments can undergo very rapid polymerization cycles depending on physical or chemical conditions, 37 with increased actin polymerization and depolymerization in response to mechanical loading leading to translocation of MKL1 into the nucleus. 38 Nevertheless, MKL1 is shown to interact with b-catenin (Wnt pathway) and Smads (TGF-b pathway), which may have implications on cell differentiation, migration, and cell cycle regulation. 39, 40 Force transmitted through the cortical cytoskeleton to the nucleus resulting in both cytoskeletal and nuclear deformations has also been reported. 41, 42 This may affect the stability of chromatin structure ( Figure 3) , with conformational changes of DNA leading to alternation in transcriptional activities. 
Cell-Matrix Interaction
During embryonic development, the tendon is a hypercellular tissue with intensive cell-cell communication through connexin 43 . 44 Tendons then turn into hypocellular tissue during maturation, and the microenvironment gradually transitions from one that is rich in cell-cell interactions to one being dominated by cell-matrix interactions. 45 However, investigation of the cell-matrix relationship is complex, not only due to the dynamic network but also the feedback loops linking cell and matrix fate within tendons. 46, 47 The main cellular components that mediate the sensing and regulation of ECM mechanics are integrins (Fig. 4) . These are transmembrane receptors that facilitate cell-matrix adhesion and their presence allows rapid and flexible responses to events at the Matrix damage (black curve) and production (red broken curve) affected by mechanical stimulation. A zone indicates the a small range of anabolic effect caused by mechanical stimulation. Matrix production stimulated by mechanical loading overcomes the matrix damage that the tendon is able to maintain its structural integrity. C zone indicates two catabolic zones that matrix damage caused by mechanical stretching overcomes the matrix production result in tendinopathy (adapted from Wang et al. 23 ).
Figure 3.
Mechanical strain applied on cell leads to deformation of cytoskeleton and cell nuclear, which might affect the chromatin structure.
cell surface. 48 Activation of integrins has been reported to occur in response to mechanical loading in various cell types. [49] [50] [51] Multiple signal pathways involved in tendon development and maturation include Erk1/2, 51 TGF beta, 52, 53 and Wnt 54 and can be initiated by integrin activation.
It is well known that mechanical stimulation plays an essential role in tendon development, maturation, and degradation, in which multiple signaling pathways are involved. However, whether gene expression and signaling pathways are regulated via direct deformation of the cytoskeleton and nucleus or through indirect signaling that is triggered by focal adhesions subject to loading remains unclear. It is possible both of these mechanosensing pathways are involved; answering this question is important in the understanding of tendon mechanobiology. To evaluate the effect of mechanical loading on tendon cells, a proper in vitro biomechanical model is required.
L O A D I N G M O D E L F O R T E N D O N MECHANOBIOLOGY
Various biomechanical models have been used in the study of tendon mechanobiology. They can be divided into three model categories: Ex vivo loading, 2D in vitro loading and 3D in vitro loading. It is vital that the biomechanical model is physiologically relevant, therefore understanding the physiological loading on tendon cells is key to the success of model establishment. Tendon cells predominantly receive uni-axial tensile loading transferred by collagen bundles, whereas secondary loading including minor shear force and compression is generated by the hierarchical collagen structure. 55 During daily activities, tendons are often subject to uni-axial tensile loading of up to 6% strain, 56 however Arnoczky et al. 57 showed that local strain and cellular deformation are only around 65% of overall strain on tendon tissue. Therefore, to investigate the effect of physiological loading on 2D tendon cell models, the range should be between 4% and 6%. Excessive loading may be traumatically relevant but is not physiologically relevant, since 10% strain on tenocytes represents over 13% strain on overall tendon tissue, which is representative of the overuse injury model. Since secondary loadings are triggered by tension applied on the hierarchical collagen structure, it is very difficult to quantify them and integrate this into the in vitro loading model. Therefore, most studies focus on the cellular response to tensile strain (bi-axial and uni-axial). In the following section, we will summarize the different models and loading regimes used for studying tendon mechanobiology, and the main findings, respectively.
Ex Vivo Loading Model
An ex vivo loading model is achieved by applying a mechanical load on isolated tendons or tendon fascicles within a culture environment such as a bioreactor. Unlike the pure mechanical test, tenocytes within tendons are functional or partially functional when subject to loading. Therefore, tendon cellular responses to mechanical loading can be evaluated using this platform. We have summarized recent mechanobiology studies using ex vivo loading model, shown in Table S1 . In most studies, the loading regime is within the range of 3-9% uni-axial tension and 0.25-1 Hz, apart from Scott et al. 61 who used a high magnitude of cyclic loading (20% strain) on rat tibialis anterior tendons and reported an increase in apoptosis. Interestingly, our study showed increased cell apoptosis was also induced along with upregulated ECM degradation enzymes including MMP1, 3, and 12 gene expression in the rabbit Achilles tendon subject to low magnitude of loading (3%). 24 Loading within the physiological range (5-6%) resulting in enhanced collagen production has been reported in various ex vivo loading models using different tendon tissue. 23, 24, [58] [59] [60] Moreover, Maeda et al. 61, 62 showed that tendon degradation related genes (MMPs and ADAMTS) were induced by a short period of loading (10 min) followed by a progressive down regulation until the end of the total 24 h incubation period. Our studies have indicated that tendons subject to 6% cyclic strain loading maintain structural integrity for 6 days ex vivo culture, whereas degradation was observed in other cultured environments. Furthermore, 6% cyclic loading was shown to have a therapeutic effect, as evidenced by the early-stage pathological changes caused by 6 days loading deprivation culture that were rescued by 6% loading for a further 6 days culture. 24 Lastly, mechanical overloading (over 9%) was shown to induce a negative effect on tendon homeostasis including damaging tendon integrity, increased cell apoptosis, and collagen III production. 23, 59 In summary, tendon homeostasis can be maintained in ex vivo cultures subject to loading within the physiological range, but mechanical underload and overload seem to be catabolic to tendon tissue. Tendon degradation subject to mechanical underloading is mainly mediated by enzymatic reactions, whereas tendon structural damages are caused by mechanical overload (9-20%). Despite the exciting findings reported in these studies, the underlying mechanism remains unclear. Further investigation of the cellular response to mechanical loading in tendon requires the development and application of in vitro loading model.
2D In Vitro Loading Model
In two-dimensional in vitro loading models, mechanical strain is applied on the flexible substrate with attached monolayer cells. The advantage of the 2D loading model is the homogenous strain between the culture substrate and cells. It provides an accurate and controllable loading on the cytoskeleton, allowing study of the dynamics between mechanical environment and biological responses. However, it can only reveal tendon cell response to mechanical loading through cytoskeleton deformation and not cell-matrix interaction, as the ECM is lacking in the 2D in vitro loading model.
Biaxial loading provides a multi-directional stretch both longitudinally and laterally or radially and circumferentially. In mechanobiological research, both commercially available and custom-designed mechanical loading platforms are used. The most popular commercially available units are Flexcell International Cooperation (Burlington, NC). Flexcell provides uniform radial and circumferential strain on cells cultured on flexible membranes. 63 Although the loading of this platform might not fully represent the physiological situation, various studies were conducted based on this platform to investigate tendon cell behavior under 2D biaxial loading (Table S2) . Loading regimes used in these studies are within the range of 2-12% tension and 0.25-2 Hz. Low magnitude loadings (3-3.5%) were shown to upregulate gene expression of inflammatory factors (IL-1b, COX 2) and ECM degradation enzyme MMP3, [64] [65] [66] whereas increased tendon markers of gene expression including MKX, TNMD, and COL1A1 and COL1A2 were also reported in tenocytes subjected to 2% strain loading. 67 Similar to ex vivo models, loading within physiological range was more likely to induce anabolic effect. Enhanced gene expression of type I collagen, decorin, hyaluronic acid, and its receptor (CD44) without increased MMP3 were shown in the tenocytes subjected to 5% strain loading with different frequencies. [68] [69] [70] High magnitude cyclic strains (9-12%) were used to mimic the overuse condition, and tendinopathy-related factors including angiogenic inducer, pain regulators, ECM degradation enzymes, inflammatory factors were investigated. 9% cyclic strain was reported to induce tenocyte apoptosis through JNK1 and JNK2 activation. 65 Various angiogenic inducers including VEGFs, ANGPTL4, FGF-2, SPHK1, TGF-a, Cyr-61, and CCN1 were reported upregulated in human tenocytes subjected to 10% strain bi-axial loading, [71] [72] [73] as well as the inflammatory factors COX-2 and IL-6. Moreover, ADRA2, substance P (SP), Gls, and Got1 are considered the pain modulators in tendinopathy, were shown to be upregulated. 74, 75 Lastly, MMPs expression induced by high magnitude loading (10-12%) were reported by several studies. 64, 71, 76, 77 Although high magnitude loading seems to be closely related to tendinopathy, enhanced tenogenesis of MSCs subject to 10% bi-axial loading evidenced by increased tendon-related markers tenascin-c, TNMD, COL1A1 was reported as well. 64, 78 Interestingly, Huisman et al. 79 compared the pro-collagen production using two loading regimes, with results indicating that rest-inserted stretching (10% strain, 0.1 Hz, followed by 10 s rest) further increased pro-collagen production as compared to continuous loading. 79 Uniaxial loading, also known as longitudinal stretching, is achieved by applying single direction uniaxial tension on the substrate containing the cultured cells. 80 Compared to bi-axial loading, the uniaxial model is more physiologically relevant as tenocytes are predominantly subjected to uni-axial loading in vivo. Numerous studies on tendon mechanobiology were performed using this platform, shown in Table S3 . Loading regimes used in these studies were within the range of 4-15% tension and 0.5-1 Hz. Loading within physiological ranges between 4% and 5% strain were reported to induce tenogenic differentiation, collagen I production, and decreased catabolic factor including COX-2, MMP-1, and PGE2. [81] [82] [83] [84] Slight increase of apoptosis medicated by JNK pathway was shown when tenocytes were subjected to short period loading (60 min), 85 but no significant difference was seen in longer loading periods (8 h) 86 . Moreover, cystic fibrosis transmembrane conductance regulator (CFTR) was shown to be induced by 2D uni-axial stretching, and tendon tissue in CFTR-dysfunctional mice exhibited weakened mechanical properties. Liu et al. 84 suggested that CFTR plays an important role in tenogenic differentiation and tendon regeneration by inhibiting the b-catenin/pERK1/2 signaling pathway. Similar to 2D bi-axial loading model, high magnitude loading (8-15%) in 2D uni-axial loading seems to induce catabolic effects. Multiple inflammatory factors including COX-1, COX-2, PGE2, LTB4, and cPLA2 were shown to be increased by high magnitude loading (8-12%), 81, [87] [88] [89] as well as MMP1 and apoptosis. [81] [82] [83] High magnitude loading (8-15%) appears to induce non-tenogenic differentiation of both TDSCs and MSCs, reduced tenogenic differentiation marker gene expression including COL1A1, SCX, tenascin-C, and increase osteogenic inducer (BMP2) gene expression. 83, 90 Interestingly, there are two studies suggesting that tenogenic differentiation and tendon-related ECM production were induced by 8% uni-axial loading in human MSCs.
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3D In Vitro Loading Model
Despite the increasing knowledge of tendon-related cellular responses to mechanical loading accumulation based on the 2D loading model, over simplification of tendon cell loading in 2D models is still an obstacle. Although the cellular response involved in cytoskeletal/nucleic deformation induced by direct mechanical loading can be investigated using the 2D platform, the dynamic and cyclic cell-matrix interaction requires the establishment of a 3D platform. The 3D in vitro model typically contains cells homogenously seeded within the 3D material and when confined within a bioreactor, a 3D in vitro loading model is achieved. 92 Although the mechanical strains applied on the overall 3D material can be accurately manipulated, local strains that are transmitted to the cells are highly dependent on the material. Therefore, anisotropic materials (e.g., porous or fibrous scaffolds) might not be a good option for construction of 3D in vitro loading models, as strain transfer to the seeded cells is highly heterogeneous and difficult to predict. On the other hand, for isotropic materials (e.g., cells encapsulated in a bulk 3D hydrogel), strains are generally transferred homogeneously to the cells, making controlled laboratory studies possible. 93, 94 We summarized the recent studies using 3D in vitro loading models to investigate tendon mechanobiology based on isotropic materials (mainly type I collagen gel) as shown in Table S4 . Mechanical loading is considered to be one of the key factors for tendon maturation, with Garvin et al. 95 demonstrating uniaxial loading at 1% cyclic strain having remarkably increased the ultimate tensile strength of 3D constructs, however Feng et al. 96 reported the opposite result. Since the loading regime was not recorded in the literature, 96 the opposing finding might be due to different loading tensions. Tenogenic differentiation was suggested to be induced by various cyclic uni-axial strains ranging from 2.5-10%, evidenced by upregulation of tenogenic markers genes expression, such as COL1, COL3, decorin, scleraxis, and tenascin-C. [97] [98] [99] [100] Interestingly, enhanced tenogenic differentiation effect was observed with an intermittent loading pattern as compared to a continuous loading pattern. 98 Furthermore, hyaluronated braided fibers with controlled released of hGDF-5 can further induce tenogenic differentiation when combined with mechanical loading. 99 3D in vitro loading models were also employed in the investigation of the correlation between tendinopathy and mechanical loading. Increased MMP2, 27, ADAMTS5, and cell apoptosis were reported when tenocytes were subject to 3.5-5% elongation at 1 Hz within a type I collagen gel. 92, 101 Since the pathological changes in tendinopathy include increased cell death and collagen fiber degradation, these studies suggest that a tendinopathy-like phenotype could be induced in the 3D collagen gel loading model. Furthermore, a similar 3D in vitro model and loading regime was adapted by Jones et al. 100 The results showed that mechanical strain regulation of multiple protease and matrix genes at the mRNA level may be mediated through the activation of the TGFb signaling pathway. Nevertheless, more complicated 3D loading models were developed to further mimic the original structure of tendon tissue. Patel et al. 92 established another 3D loading model using ethyleneglycol dimethacrylate (PEGDM) fibers to mimic collagen fibers in the tendon, which were then embedded in a bulk hydrogel matrix to ensure homogenous loading of cells. This model was able to mimic the low shear-high tension loading similar to collagen fibers within tendon tissue subjected to physiological loading. The primary finding in the study was similar to the collagen gel based platform, with increased MMP3 gene expression. Due to the high functionality of such a platform, more comprehensive studies should be conducted.
Comparison of Different Loading Model
The loading model is essential in tendon mechanobiology, providing controllable and reproducible conditions for investigating cell responses. Although various models have been used in different studies, understanding their advantages and disadvantages is essential for choosing the right model for the study. In this section, we will evaluate the reviewed models based on five perspectives including accessibility, physiological relevance, manipulation, user friendly and assessment, as shown in Table 1 . Both 2D loading systems are commercially available, however, most uni-axial loading systems published in the literature are custom-made. Compared to bi-axial loading, uni-axial axial loading model  3  1  2  3  3  2D uni-axial loading model  2  2  2  3  3  3D loading model  1  3  3  2  2 loading is more physiological relevant, but both 2D systems do not possess the ability to mimic the 3D loading environment of tendon tissue. Multiple assessments can be performed on the simplified 2D system, but only basic manipulations of the loading regime can be done. Customized bioreactors are required in both ex vivo and 3D loading model. Despite the highly physiological relevance in ex vivo loading models, the complex native structure introduces many confounding factors that significantly affect assessment. The 3D loading model allows further manipulation of culture substance. Various chemically or biologically modified materials can be used to eliminate certain cellular response or cell attachment, 45 which require multidisciplinary knowledge and collaboration.
CHALLENGES AND CONCLUSIONS
Tendon is a mechanosensing tissue. The biomechanical environment is essential for tendon development, maturation, and degradation due its physiological function. Although the overall in situ loading on the tendon is just tension, the tenocytes within tendon tissue experience a much more complex mechanical environment combining tension, shear force, and compression. Despite tension being the predominant force applied of tendon cells, whether the biological cascade is mainly triggered by tension only or combined forces remains poorly understood. In future study, it is essential to understand in situ loading of tendon cell. Physiological loading (combination of tension, shear force, and compression) can be calculated based on the relative motion and deformation of individual tendon cell during overall tendon loading using microscopic technique. With sufficient quantitative results, the mechanobiology of single loading and combined loading can be simulated using various bioreactor platform. Furthermore, as the tendon is a hypocellular tissue enriched with cell-matrix interactions, whether the predominant mechanosensing pathway is mediated by cytoskeleton deformation or cell-matrix interaction also remains undefined. To investigate such a puzzle, a functional loading platform is vital. In vitro models serve as important biological tools to study cell behavior under specific, controllable, and reproducible conditions, overcoming confounding factors found in in vivo systems such as compositional and structural variations within tissue. Therefore, to progress our understanding, it is important to establish multidisciplinary collaboration and embrace cross-disciplinary approaches. The in depth research and the fundamental understanding of tendonmechano biology will unveil underlying mechanism of tendon development, maturation, and the loadinginduced tendon diseases, which could lead to effective treatment of tendon diseases and functional strategy of tendon tissue engineering and regeneration.
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